After a new transformation procedure, 10% of Saccharomyces cerevisiae cells were found to contain transforming DNA sequences. We used direct transfer of plasmid molecules by fusing bacterial minicell protoplasts to yeast protoplasts. Since the procedure significantly reduces the toxic effect of procaryotic protoplasm on the eucaryotic organism, it might be generally applicable in other systems in which transformation is inefficient or impossible.
A variety of methods have been developed for the introduction of DNA into eucaryotic cells, and each technique has had different results and applications. Widely used techniques like the calcium phosphate coprecipitation method (5) or capillary microinjection of nucleic acids into cells (3) seem to result in either low-efficiency transformation of a large number of cells or in high-efficiency transformation of a rather limited number of cells.
Several groups (2, 9) have reported the direct transfer of plasmids from bacterial cells to yeast or mammalian cells by converting bacterial cells to protoplasts via lysozyme treatment and then fusing the protoplasts with tissue-cultured mammalian cells or yeast protoplasts by polyethylene glycol (PEG) treatment. As can be seen in Table 1 , the efficiency of this method is similar to that of the widely used transformation method for yeast protoplasts described by Beggs (1) . As the ratio of bacterial protoplasts to yeast protoplasts increases, increases in the number of transformed colonies are progressively smaller and finally, in accordance with data reported by others, fusion of the eucaryotic partner with too many bacterial protoplasts decreases the viability of the cells, lowering the number of surviving transformed colonies. Clearly, large amounts of procaryotic cell components seem to be toxic for eucaryotic cells. This toxicity and the resultant depression of transformation efficiency may be due to the excess of bacterial DNA (perhaps poison sequences) or to a component(s) of the bacterial cytoplasm.
We thought a simple and straightforward way to eliminate chromosomal DNA and to reduce the load of procaryotic protoplasm was to use anucleate bacterial minicells (8) in the protoplast fusion technique. Minicells are produced during the growth of certain Escherichia coli strains and are known to harbor no chromosomal DNA; they do, however, contain plasmid molecules if the parental strain does. To test the hypothesis we tried to use minicell protoplasts for the transformation of Saccharomyces cerevisiae and mammalian cells, and here we report our results with yeast cells.
We used a yeast 2,um plasmid-based shuttle vector (pGY14, Fig. 1 enzymatically from exponentially growing cells according to standard methods (1).
Minicell-producing E. coli DS410 (from S. Erdei, Institute of Biochemistry, Biological Research Center, Szeged) was transformed by standard procedures (7), and plasmidcontaining minicells were purified from the cultures by the repeated-gradient centrifugation method described by Reeve Yeast protoplasts were produced from exponentially growing cultures after centrifugation. The cells were suspended in 1 M sorbitol-25 mM EDTA-66 mM betamercaptoethanol and incubated for 30 min at 30°C. After another centrifugation, the cells were suspended in 1 M sorbitol-10 mM EDTA-100 mM sodium citrate (pH 5.8) containing 3 mg of Helicase per ml and incubated with careful shaking for 60 to 100 min. Over 90% of the cells were converted to protoplasts by this treatment.
Yeast protoplasts were washed with 1 M sorbitol-10 mM CaCI2-10 mM Tris hydrochloride (pH 7.5) and pelleted at room temperature, and the supernatant was discarded and replaced with a suspension of minicell or bacterial protoplasts. After another centrifugation, the pelleted cells were cautiously suspended in PEG solution (in 10 mM CaCl2 and 10 mM Tris hydrochloride [pH 7.5]), with occasional shaking during the incubation period.
After this step, the cells were pelleted again and suspended in a 1:1 mixture of complete yeast medium and 1.2 M sorbitol. Approximately 20 min later, regenerated yeast cells were plated on yeast-nitrogen base minimal medium to select for Leu+ transformants.
Optimal results were achieved by using 104 to 106 minicell protoplasts per i05 yeast protoplasts and treating them in a fusion mixture containing 30 to 35% PEG for 25 to 30 min (Fig. 2) .
The results of the different transformation procedures are summarized in Table 1 sequences and by plating on minimal medium to prove the expression of the LEU2 gene carried by the transforming plasmid. From 9 to 14% of the colonies harbored DNA sequences hybridizing with the probe (pBR322 DNA), and 7 to 11% of the colonies were able to grow without leucine in the medium.
In conclusion, we proved that elimination of bacterial chromosomal DNA (and significant reduction of fused procaryotic cytoplasm) during the fusion-mediated transformation of yeast protoplasts increased the transformation efficiencyapproximately 10 to 20 times. The method is simple and reproducible. We think that this approach could also be used to improve transformation in other organisms when it is otherwise inefficient or impossible.
